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Table ITT
Experimentul und Culculnted Vilues of Energles
af Activationr for Solvent Effgct

Ioric Strergth: 0.0200 HClL: 0.Q200M Ethyl faormgte: 0.0LOCK

Between Temperatures : 35.01% ¢ .rd 45.11% Q.
3

k' x 10 ¥ 0 K ‘ 4
. mat R . A Fone) A% () ABy(car)
a . a
@ 35.017 ¢ @ 45.11% C
66.68 4.62 13.9 21, 59C
62.44 4.06 12.5 21, 680 g0 78.9
58.85 3. 68 11.1 21,790 I1a 78.0
55.59 3.30 10.3 21,910 120 78.0

Between Temper:itures 45.11% ¢ .ng 55.02 c

@ 45119 ¢ © 55.029 C

66.68 13.9 4C.9 22,150

62,44 12.5 37.0 22,150 Q 78.9
58. 88 11.1 33.5 22,180 30 76.Q
55. 59 10.3 30.5 22,210 3G 78.0

Betweer Tamper.tures: 35.01°% C .rd 55.02° ¢
@ 35.01° C. &55.028 @.

66.68 4.62 41.0 22,890

62.44 4.06 37,0 22,140 50 78.9
58.88 3. 66 3. 8 22,210 7C 78..0
55.59 3.30 30.8 22,280 70 78.0

Experiment:l Viluas of Frequency Fuctor faor Salvent Effect

Ionic Strergth: 0.020C HC1:C.0200 K Fthyl Formate: (0. 0100M
Dielectric Cornstunt:62.44
Temperuture
9¢g Frequency Fuctar

45,11 — 55.02 12.88 x 1012
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THE DIELECTRIC CONSTANT AND SALT EFFECTS
UPON THE ACIC :YDRCLYSIS OF ETHYL FORMATE

By
Nuvin P, Sheh und Edwurd 8. Amis

ABSTRACT

The hydrolysis of ethyl form:te cutulyzed by hydrochlorioc
acid wus studled ot three temper.tures in water-acetone medie and
in water mediu cont:ining different concentr.tions of scdium
nitrute. The effect of vurlous ionic etrengths :nd dlelectric
constunis upcni the rite of ucid hydralysle of sthyl formute s
presented frocm the stund point of eleotrost: tica :.nd the results
were compured to like effects upon the ucid hydreclyals of ethyl
ucetute und methyl propion-.te. Nelther the dislsotric constunt
effect ror the sult effect lends itself readily to theoretioc.l
interpret.ticn., It wus ussumed thit u purtiul explunution of these
uromulous results might be in the axtrupolution of the woid rudioul
to the simplest curboxylic ucid. This suggestion wus szupported
somewh: t by'the trends towurds lees udherunce to the eleotrostutic
theory at certuein tempsr:tures in the series methyl proplonutes,

ethyl vcet.te .npd ethyl form:.te.

| N o - ——

It wus thought th.t the study ¢f both the wcid und buslc
hydralysia of esters .c u functior of the dielectrioc ceonstunt of
the solvent 'nd of neutrul s:1t concenty: tion would be cf interest
ir vlew of exiating thesries of r.tee of re.ctions between ions

;.nd dipol'r molecules. Sinoe esters ure hydrolyzed by hnth
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hydrcrium und hydrexyl lone the The.rfe:z of ion-dipclir re.ction
r.tes could be inveotlz taed vilth respect to both positive 'rd
nezctive lorne rarcting with .n idontic:l dipol:.r molecule under
like conditions of concentr.ticrs cf re.ctunts, temper:ture, und

dielectric const:nt of sclvent.
Experimentusl

The C. P, Ethyl Furm.te, E:.stm.n Kod:k 1e manufuotured in
4 high st.te of purity .nd therecfore the re.gent w.a gimply dried
over burnt lime for 24 hours .nd then distilled ut un utmospheric
pressu.e of 725,5 mm of mercury. The trictiorn ccming off between
52.1-52,2°2 ¢ w.o collected. The density of ethyl form.%te w.8
me:sured ot 27° C .rd wos fourd to be 0.89511 g/ml. Ethyl form:.te
used in .il kiretic runs wus kept :t 27° C :nd the required gquun-
tity of pura ethyl form:t- (0.4140 ml) wi.s .dded to the reuction
solutior ut vi.rious temper.ctures. It wus ussumed th:.t u negligible
drop in the temper:ture .f the reuction occured.

The .cetone W.p prepwred cucording to the proccdure of &kerlof(l)

(1) A&kerlof, G., J. &m. Chem. Soc., 54, 4125 (1928). _

u8 follows: Acetstre, J. T. Buker .nulyza8d, w.s tro:.ted in butches
of ubout threse litera with : am.ll umount of 85% bone phosphiorio
014 und irnedi:tely diastilled. Then it wua dried with burnt
powdered lime for : d-y, poured cff :rd redistilled; the fruction
which oume over between 55.5 und 66.0% C wus collested. Weight
percent of ucetone for . iiretic run w.a culculited from the

denclty determin.tior of .cetune ut vurious temperutures.
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Sodium rnitr te, J. T. Buker unulyzed; c.p. wue uned to prep.re
1.0000 N NuNOg stock solutlar; :.nd this concenti:ted solution wus
then diluted to tho required rormulity for v:rioun kirnetic runs on
8ult effect.

Frephly bolled diatilled wuler wuo ulwuys used in prep.ring
eolutiore. A o:rbornuto-freeo oconcertr.ted sodium hydroxide stock
solution (ubout O.4 N) wus prop:red. The conccntruted solution
w.o thon dlluted in butches wnd stinrdurdized Lglinst potussium
biphth:lutoe :nrd stored ir = puroffinelired curboy. From this
otook sclution w.e propured 0,0100 N golutior natuully used in the
kinetio rune.

A 0.4357 N HC1l s~tcck . rvtion w.o prepured by dlluting c.p.
corccntrutod (37%) weld wrd titeswting wg: inod scd um curbenute.
Ther the 0.0200 N HCl1 used in the runs v..c prepared .o neoded by
dilution of tho dtock uvolution.

All volumetric :.ppuratus und o oot of -nulytic:l welghts woro
0:.1ibr.tod :nd Burcuwu of St:ndurd thurmometors worc uscd. The
r:te of hydrolysin w.o ptuiled :t tompor:turcve of 35,01, 45.11 u«nd
656,029 ¢. Inculinted dictilloed wator bu.tha oquipped with officlont
ptirring motors controlled the tempor:turc within £0-01° C of the
deoirod tompori.turo.

dnulyticul tuchriquou werce chocked by duplic:iting & kinctio
rur whooc rosctivrr voloclty connt:nt huo boen eoctibliched. The

ucld hydrolycln of cthyl icotite s reportud by Hirned :nd Pfunotial®

(2) Hurrod, H. S., :nd Pfuroticl, R., J. &a. Chom. Soc., 44,
2193 (1922},

wue solcctod for this purposcs Exuct dupliecutiorn of thelr . pori-
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pontil werk €:.ve very gcod choecku of thelr reportod voloclty con-
pt: rnt, Thio indic:ted tn:.t both the ren¢ents nd technique wera
o: tiaf:ctory. No experimernt: 1 reeults werce :v-1l1:blo corncerning
the ncld hydroly:ins of c¢thyl formitc.

The proccdurc to determine the kinctlco cf the weid hydrolyoic
of othyl form:tc urdur conditionc of v:ryirng (1) izrnic ctrength,
'nd (2) diclectric corotunt wune 0 follows: Fl:oks cort:iring the
ro:gents were immerscd in the thermeost:t :nd 1oft for four hours
for :tt:irmernt f tcemperoture cquilibrium. Roerction weu cerriced
out 1r : c:ulibritod veclumctrice fluske Conccntruted scluticns of
rcngonts wero prepurcd ue thet mixing them in tho rowetion flugk
+wnd bringine the mixture tc the volumctric m:-rk by the «dditizn
of diletilled wetor guve the denlred concuentraticn of cich re:gent,
Duplic:..te runo werce mudo in overy cuse. The docired 1cric otrongth
veo cttuined by wdding the regquircd wmount of stceck ozdium nitrote
ceclutizn., The wdditicr of wcotunc in ccrrect :.mcuntes gove the
regulrcd diclectric cernst:nte fer kinctic runa crn the czlvent
cffeets The renctisn were follewed by pori.dic withdruw:1ls cf 10.00
ml a:mplee c¢f the roscting mixturce., The certantco of the pipette
wore 21llswed te drole upen crushod 1ce prep:rad from dintilled
wute™ to otecp further nydrelyosic of the oster. When the pipette
w.a hulf mpty tho time wee reeirdeds The cocld a:mplen, :ppreximatoly
0.2° €, werc thor titr:ted with 0.0100 N ccdium hydrexide tC @
phen-l-phthilein cnd poirt. The receticne wore fcllowed until hye
drolysis w: o .ppr:xim.tely 70% c.mplete whar posslble. & finsl ti~
tr:ticn wiae mede ftor the rencticr h:d :mple time to re-ch completicn
uaully ceveryl n.uri,

The re:ction vaeloclty cenat:nt, k!, weie c:lculited using the




firgt-citder cqu:.ticn

dx/dt = k (a-x) (1)
whore dx/dt 1¢ the vel:cilty c¢f roccticr,

& roprecernts the initicl ccncentr:tion c¢f cnter

x the :mcunt of cvotor churged in time ¢

k! the velccity conotinte . f hydrilysisc,
Artegr.ting equuntion (1)

k' = 1/t 1r 4/{ h-x) (2)

Equ.ticn {2) oxprecoed irn termc of the rumber of mililcters
of alk:11 cmplcycd ir the titruatiorn becumes .

k! = E-_%O.Sz lcg (Tcz-T2) / (Tez-~T) (3)

whero Trz = Thecretic:l rumb ¢ 2f ml «f ulk-11 rcequired for
cemplete hydrelyulo

T- = Iriti:l titr.ti-r, ml. c¢f :(lk:11l
T = Titroti-rn v:iluc ut time t; ml., of alkeld
t = Time 4irn minutco

k' = ppceific velselity cirotint, min -1,

It cur be g Trom ecqusticn {(3) th.t & plet of lcg (Teo-To)/
{To.-T) wng:innt t shsuld give & struight lire, wrd th. spocific
veloelity conetont, k', c:n be eulculited from tho alope of tho
str:.ight lirc. Thi: w.e th.: mceth.d uoscd in c:leul:ting mcot cf the
k! v:luce. Irn some instincoc k' vilucs wero cbt:ired by inscrting
titretion cnd time v:lucs in cquetizn (3).

The precisicn of the titr:tiope :nd the rgroement of the two

mcetheds -f c.leul-tiag k! -~c¢c nh.vwn by the typle:1l d:.tu in Tuble I,
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Tebla T

Dicleetric Dute

B-th T-mporature 55.00 ¥ 0.02° C.

Ethyl Ferm: te 0.0100 M

8-lvent 16.80% Acotino by Weight HC1 0.0200 M
N:.OH 0.008627 M
Time NaOH Tee-T lcg Too-T k' x 10°
{Min) (M) 7 (Min=)
0 20,75 10.39 1.0165
‘9 23,60 7,54 0.8774 3.56
17 25.30 5.84 0.7664 3.39
24 26,30 4,84 0.6848 5.18
29 27,25 3.89 0.5899 3439
38 28,30 2,84 0,4533 3,860
44 28,60 2.54 0.4048 3.20
50 29,20 1.94 0.2878 3.36
59 29.70 1.44 0.1584 3.36
68 30.10 1.04 0.0170 3.39
75 20.30 0.84 T.0243 3.35
o 31.14

Avoruga 35.36
Grophicul Result 3.40
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Dlelectric Constunt Effect

In Tauble IT ire reccrded the kiretic d.t: at corst:nt acld and
ester concentr::tiorn :ind const.nit lornic strength. Ir these daty the
dlelectric conrstant decre:uses wlth increusing welght per cent
ucetone componrent of solvent. In additior to the specific veloclity
constart, k' the erergles of :ctivi.tior und the Arrhenius frequency
factors ure included in Tuble II. The energies were calcul:ited
from the k'/GHzo values using the integr:nted Arrherius equ:stion

which, may be stuted
k'2/(Chyolg _AE (To-Ty) (4)
k'y/(Chy0)1 T Ty

The frequercy fuctor, B, wus culculuted using k‘/CHzo
v:.luee from ar equution

5 = Tp log (k'g/(Cﬂzo)E

To - Ty
In gererisl the AE und B cuuntitier decreuse with decreasing

) - T} log (k'/(CHzo)l) (5)

df:lectric corttunt through » minimum :und ther increuce ccrntinuously.
The rumeric:l v:-lue of thene quuntities sre thcse observed in many
irstunces for re:.cticrns ir solutions.

Ir Figure 1 18 plotted log k' versus .acent :cetore by welcht
for the thrce temper:tures, 35.01, 45,11 ard 55.02° C. The specific
velocity cornstant, k' decreuse with incre:sing ccrcentr:tion of
ucetore ir a linesrr mrnrer fer ull three temper:tures except for the
*zlutiona cont:inirg higher percentuges of ucetore. The dut: at
55.02% C are obeerved to depurt from lireurity ut u lower percentrge

nf ncetcne thrn those ut other temperutures.
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Table IT
Experimentul Vilues of Veloclty Corstants as
a Functior of Dielectric¢ constant; Correspording
Energles of Activuation :nd Frequency Factors

Temperuture 35.01° ¢.

Innic Strength 0.02C0 HCl 0.0200 ¥ Ethyl Firmute 0.0100 M
\
Acetcre D k' x 109 K & 10° AE B
% by wt. min ~ HaO (35,01-45.11)(35,01-45.11)
paf -1 mo1~t oc oG
070 74.82 5.85 10.64 20,100 10728
8.4 70. 47 5.16 1U. 43 19,200 S.64
16.8 66.07 4,47 10,17 16,900 9. 40
25.4 60.95 3.85 10,01 1s,700 9.24
34.5 85,34 3.30 1C,01 18,500 9.17
44,1 49,55 2.90 10. 55 17,700 9.57
54.0 43.35 2.55 11.60 17,200 9.21
64.6 36.73 2,38 14.4 16,100 8.59
75,7 30.34 2.30 20,9 15,200 8.13

Temper:.ture 45.11°¢C
(45.1%-55.02)(45.1%-55.02)

c c
0.0 71.90 16.5 29.9 20,800 10.78
8.4 66499 13.9 28.5 21,400 11.15

16.8 62.37 11.8 26.8 22,200 11.66

25,4 58.08 10.05 26.1 22,900 12.14

34.5 52,97 8.65 25,9 24,000 12.90

44,1 47.10 7.20 6.2 25, 500 13.90

54,0 41.50 6415 28.C 26, 600 14,75

64.6 34.99 5.45 23,1 26,700 12. 42

75.7 28.71 5.03 45.7 26,800 18.90
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Tuble II (Cort'd)
Temper:ture 55.02° ¢

Acetone D k' x 109 k'/CHZO % 105
% by wt. min~4L 1 -1
mir © mol
0.0 67.92 44.5 8liG o
0.4 63.83 oB. 5 77.9
16.8 52. b7 34.0 7704
25.4 b5.21 00.0 ?8.0
24.5 50. 35 27.0 81.9
44,1 44,87 24,3 8.5
54.0 39.36 22.0 130.1
64.6 00.27 20.0 12.44

75,7 27.42 19.0 172.7
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Ir fizu-e 2 18 pl-uwted locg 27 cpacific velcclity constint, k!
versus tha rocliprsio l of thoe dielnctric constunt of the medtum. The
epec!fic velocity ccnstint,; k' decve-.ses with decrersing dlelectric
cenptant showirg o linenr reluticnship in the roglcorn of higher
dielectric ocnetwnt. A depurtu-e from lineurity wes cobserved for
«11l thrre trmpe-utures ut dlelectric constunt values between 55.5
to 53.8. These curves were vimilar tc those sf Hockersmith .nd

4nig (3) urd Nelr :nd Amts (4). The ctrulight lire portiors of the

(3 Hookeremi th, J. L. w«nd Amis,E. S., Techric 'l Report No. 2 tc the
Office of N:v:.1 Rere:rch, Pr.ject No. NR C567-233, Ccntr.ct Nonr-
037CC, Octcber 25, 1952, Presented to the J. Am. Chem. Soc., for

__ccnpgider:tior for public:tion.

(4)Neir, P. }¥. :nd Anmis, E. 8., Technic:l Report No. 3 to the Office
¢f Nuv:1 Reseurch, Frcject No. NR 0OB7-233, Cuntr:ot Nonr-037C0C,
Cctober 28, 1952. Presented tc the J. Am. Chem. Scec., for cin-
pider-tica for publication.

curves g.ve r v-luer of 4.25, 4.38 .nd 4.48. Argstroca st texp-~
er:-tures of 35.01, 45.11, 55.C2 recepectively. Thus v-.lues of r
found are of melecul:v dimanslon; which shculd be the cr8e since
r {8 ersenti.lly the r.dilus of the intermedi:-te 4nr the kiretic
przcesn, The ¢ leul:ticn wus mude using the equ:.ticn

N L (6)

2,303 kTr
where S = The clope cf the lcg X' vs 1/D plct,
Zp, ¢y = v:ilencer ¢f the ions; A :nd B reapactively,
£ = electronrnic ch rge

k T Beltzmun COcnst nt

T = fkbrclute temper ture
r = r:dius cf the intermedl:te 1n the Xiretic process
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The m:ynituue :na siwrs .r the nlopen or the curves 'nrd experi-
ment:1 v-lues Jf r indic:.te the mechurism cf the re.cticnrn inrnvolves
;. r:.te cortrolling step betweer Lona of like cigns. But it 1s rot
possible tc :ccept tnis mech-.rism bec.use nc rensorn:ble mech riom
irvolving iuns cf like uigrn cuan be formuluted for the cld hydrolysts
of r ester -nd the r»c ction specle:s, wuter, shculd rot be igrored
ever th:ugh 1t w:s - compuhent cf the solvent.

Ir ficure 3 18 plotted lug K'/CHEO agsingt the rociproc:l of
dielectric constunt cf the medium fo the three temper: tures under
investic: tion. Hockeremith -nd fmis (3) :nd K ir :nd Amis (4)
plotted :imil-r curver fc> the :cld hydrolysis of mcthyl proplorcte
erd ethyl ncet: te recpect*vely. The porticns of their curves
correrpondirg to higher v:.lue cf dlelectric conct:nt were straight
lires h:.virg m:erituder 'nrd nigrs of ¢luper ind'ec:.tine the control-
lirg step in the re.ctizr w 5 ore ir which = pocitive ion reascted
with « dipol:r molecule. Hockeremith unu Amis (3) nccept the

followinre mech-nism for the wncid hydrolysis cf the esters:

0 ( OHy+ OH 0
” + | | H I -
R-C-9-R' + Hz0 —=> ‘R-C-0-R' == R-C-O-R'|~3 R-C-OH+R'OH+H (?)
] | ' .’-

OH OH :

-—

They stipul:te, howev.~, thit & etep irvolvirg the pr-duct of
the corcentr.ticnr cf the pooitive lon and the corncent-.tion of
dipocle mulecule gcverns the r:te. No such corcluslors c¢-.n be drawn
from the presenrt d-t: since log k'/c firust decreuced, pus8ed through
& mirimum, -nd ther increused : the recliprce:l of dlelectric con-
st:nt of the medi. incre . ed -t .11 threc temperutures. The ch:pes
of the curves ure reminiscent cf c:t-lytic cnteneries. This suggests

th-t the muin i‘nfluence .f the colvent in the -cid hydrolyeits of
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cthyl ferm:te i~ exerted upcrn the hydrontum ion, :nd 18 cffective
by ch-rngina the -ctivity .£f the lon.
Further calculatiora were m:de t. ccnfirm the iorn-dipole
mech nrism from the erergy st rndpeoint. Coulombic ererctes arising
frzm the ch-rge in dleleciric const:nt cf the medium were c:lcul:ted

frcem the equation (5)

{56} amis, E. €., "Kireticr -f Chemic:l Ch:ree 1r Bolutions," The
M:.emili:n Comprny, Wew ¥c 'k, 1949, p.77 ‘nd p. 18Z2.

68.1 z A
aEc = 01021‘2“‘ AD {8)

Where AEC coulorbic anergy, AD vus the differernce betveen
Do :rd Dl wnd the sther terms huve thelr usurl e'erific-rnce. Theae
¢:lcul:ted v:1lues of coulombic encrviec toecthor with observed
v:1lues wer~ rcc.rded irn T:ible III. Ir the c.lcul:tior of these
cculombic energies the a'me r v-lue wus used th ¢ w-.g obtynined from
the lcg k' versua 1/D plcts. The obuenved v lues of the coulombic
erereles d'ffered by : reuscr-ble mugritude fr.m the caloulated
velues. Thuc 1t w:s rct pos-iblc t¢ :ccept thqlon-dipoie mech: nism
for the re-cticr of ' cid hydrolysis of cthyl form:te.

The wutheors could find ro electrost:itic Intorpret:ticn which
wuB cornsistent w'th the d.tie. However, the d-t:. fc- methyl preoplo-
rute nnd ethyl :cet:te were expluined crn the b:8is >f clectrcstitios.
The dielectric corstunt dut: for neld hydrclyei: cf methyl propio-
nate in rcetere-vinter mixturcas vwer: well confi-med by electrost:utic
irnterpret: tion ut :11 tcmper:.tures investig -ted. The d4:.%t: for
ethyl ucetute in .cctone-wete: mixturcs were progre: elvely less
amen:ble to electrost:tics witn increusine tomper:.tures. Since dats
of ethyl scet:te show some de:rivitiors fom eloctrest.tic require-

mante, extripecluticn %o the ester cf formic :cid might be expected
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Table III
Experiment-l &nd Culculated Vu.lu

of Activuation for Solvent

LY

Toric Strength: G.0200 HC1l: 0.0200

Between Temper:.tures; 55.01o 08
D k' x 109 k' x lO"5 Ec
min-1l min-1 obs
@ 35.01° ¢ « 45.11°C
66.68 4.62 13.9 21,600
62,44 4.06 12.5 21,700
58.88 3.66 11.1 21,800
55.59 3.30 10.3 21,900
Betweenr Temper: turest 45.11o C.
(+ 45,11°C &5.02° C.
66,68 13.9 40.9 22,200
62.44 12.5 37.0 22 200
58.88 11.1 33.5 22,200
55.89 10.3 30.56 22,200
Betweer Temper:.tures: 35.01° ¢
w35.01% €. »565.02° ¢.
66,68 4.62 41.0 22,100
62,44 4,086 37.0 22,100
58.88 3.66 33.5 22,200
55,59 3.30 30.5 22, 3C0

es of Energiles

Effect
Ethyl Form:te: 0.0100M
wnd 45.11° C.
a Edbds a EC.'-l .
190 78.9
110 75.0
120 75.0
.'.‘.i".d 55- 020 C'
0 78,9
30 75.0C
30 78,0
.rd 55.02° ¢
50 78,9
70 78,0
70 78,0

Experiment:.l V.lues ¢f Frequency Fuctor for Solvent Effect

Ioric Strength: 0.0200 HC1:0.0200 M
Dielectric Conotunt:62.44

Temper:ture
oc.

45.11 -~ 55.02

Ethyl Formate: 0.0100M

Frequency Factor

10.07 x 10L2

12.88 x 10t°
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$:1: Effect

In Table IV are recurded the kiretle d.tu whern the solvent w:s
wuter :nd icric strength w.s churged with increusaine concentr:.tion
of reut-ul 8u.lt (NaNOa). In Figur-: 4 is plotted log k! ag inat the
neg:tive logarithm of the wctivity of hydrorium ion for three temp-
er.turea under investig- .tion. The uctivity of hydrorium iurn w:s
cbtuired by culcul:itirg uctivity coefficlent-using the first approxi-
mation of Debye-Huckel theory :nd thc distunce of closest upprouch

from Figure 2. The equatior for this firet upproximation is

r3
2H30"' A\'FJ‘T
<1 .8 el
150 HB ul VA

Where fH30+1s the activity coefficlent of the hydronium ior of

(9)

v.lence ZHso*'in u soluticn =f lonic strergthA:; 4 und B are the
Debye-Huckel corst:nts, which c.rn be ¢:1lcul:.t-d from the kncwn
properties =f the solvent :nd cert-in phy.:ctl ccretunts, nnd al

1s the dist:nce of cleosest :pprc:ch of two 1crs., Uring the activity
coefficienta of hydrornium 1-n urd the ccncentr-ticns of the hydro-
chloric rcid, the rctivities ¢f the hydrorium ion ir the variocus
corcentr: tione of re:ctinrg solutione could be fourd by multiplying
the ;ctivityicoerficient of the hydrornium icr by i1te concentrsation.
The concertr:tion cf the hydronium icn was & . sumed to5 be the sums

&8 the conzertr.ticn of the ucids-Hockersmith :rd Amis (3) fourd
thut plots of log k' .ug:inst the regutive logurithms of the activity
of the hydrontium ionrn for methyl proplonute were cutulytic cuteruries

of Cluss B us cl:ssified by R. P. 3ell, (o)

(6) Bell, K.

Ts, "Acid-BuBe Cutulysls", Oxford, the Claredon
Preas, 1941,

pp. 6-10 urd 21-36.
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to diverge fr.m tho requircd clectrostutic interpret: ticrn whe: -
common solvent cotorng-w: ter, ls umaed ir 411 threc o:8eo. How

tc expledin the continru:l shift uw.y from the cle tcostutic inteor-
pretaution 18 one goes f£rom methyl proplorn:te, to ethyl ucct:ite, tc
ethyl form: tc is not clenr unlees speocific solvert effect b acomes
progrossivaely sm:ller. The decrensing slze of the :cia rudloal
might be irnvelved ir the prcerersive depurture of the dot. from
the electrort:tic theory, sirce ir gerer:l, theorctic-l eloctro-
at-tic relaticns sre fermul:ted to confirm dntin involving larger

particlesn.
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Tuble IV

Experiment:l V:luvo of Velocity Cernut-nts s & Functlor
cf Icric Strerngtn: Correunpendiny Ererzles of Activ: tior
Fregquency Fictiruy, :nd Activity Guefficients

~

- 0
Tempe:ture 35.01° ¢

D= 74.82 : HCl: 0.0200} Ethyl Formate: 0.0100y
Tot:1 Jonic k! x 102 fH:So"' AE B
strerngth 1 (35.01-45.11) (35.01-45.11)
A min~ Oc. oc
0.0U200 5,35 C.30566 20,100 12.03
C.400 5.78 0.9153 20,100 12.03
G. 0800 5.75 0.8976 20,000 12.00
0.0800C 5.76 0.u853 20,000 11.95
0.1000 5,78 0.8752 13,900 11.92
0.1200 5.50 0.8664 19,900 12.03
0.1400 5.868 0.8536 19,9800 11.90
Cc.1800C b.02 0.8453 19,700 11,78
0.2200 3 e 20 0.8341 19,400 11,87
0.2500 6.45 0.8243 19, 300 11.50
0.30C0 H.75 0.8166 18,900 11.25
0.35400 7.12 0.8087 18,500 11.00
Temperwiture 45.11%
(45.;108?.02) (45.1%5§5.02)

0.0200 16.5 0.8396 20,800 12,41
0.,0400 16.3 0.9206 19,900 11.85
0,060 16.2 0.9080 13, 500 11.50
0.0800 lo.1 O.0%34 18, 0C0 11.33
0.1000 16.1 0.8308 19,100 11.20
N,.12C0 16.2 0.8843 18,000 11.17
0.1400 16.9 0,c784 19,000 11.19
0.1800 16.06 0.8691 19,600 11.53
0.2200 17.0 0.8611 20,700 12.34
0.2000 ) 17.4 0.8549 22,200 13.36
G. 3000 17.9 0.8494 23,800 14.50

0. 2400 18.5 0.5445 25, 400 15.60




Tot:.1 Tonic
atrength (4)

0.0200
0.0400
0.0600
0.0800
0.1000
0.1200
0.1400
0.1800
0.2200
0.2600
0.3000
0. 3400

17

Tuble IV (Cont!'d)

Temperiture 55.02°C.

k! x 10°
min-1

44.6
42.0
41.0
40.4
40.1
40.2
40.5
42.2
45.6
50.1
55.8
62.2

sto+

0.8583
0.9356
0.9063
0.4969
0.8888
0.8820
0.8764
0.8668
0.8570
0.8525
0.8468
0.B419
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Ir the oclura B catereries the sii==s intersect at & sharp
mirimum with .. slope of spproxim: tely =5 degreen with the horizontal.
The catcreries cbtalin tn the present mvestigutior shov a rounded
minimum :nd aldes rising ateeply. Th shupee of those catereries
are n3t £imilar to those of the ordiriry clusses cf c:tereries
found in the literiture. Thia couldr.ot be expl:i.ired on electro-
static theory from the stundpoint of orimary salt effect (5) since
if such wus the cnse the positive-icr und nreutr:nl molecule mecha-
rism should :how ar increase in the reate of re:ctiorn with increanss
ir ioric strength. This 18 rot the ¢=.se us it could be seen from
Figure 5 where log of the specific velocity consturnt wus plotted
ug.inst loric strerngth ut the three t=emperatures irvestie . ted.
These plots showed un «lmost horizort »l portior extendine over
half the loric strength r.rge befors the r:te cornstunt incrense

wr.s observed with irncresse in lonrnic strength.
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Fig.1- Solvent Effect on Acid Hydrolysis of Ethyl Formate
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Fig.2 - Solvent Effect on Acid Hydrolysis of Ethyl Formate

Ethyl Formate COIOON
o HCI 0 0200N
= \ Solvent  Aatar +  Acatone
:. \:\\\a—
\ e 5502 °C
TT|W
— \
i T
\\ e
35.01 C
— \V\‘F—-—\
I l | | |
1.2 1.6 2.0 2.4 2.8 3.2 3.6




O

log

Fig 3-So.vent Effect on Acid Hydrolysis of Ethyl Formate
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Fig.4 - Effect of Neutrai Sa'!t on Acid Hydrolysis of Ethyl Formate
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Fig. 5~ Effect of Neutral Salt on Acid Hydrolysis of Ethyl Formate
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